Objective-To examine the cycle length of the junctional tachycardia often seen during successful slow pathway ablation for atrioventricular (AV) node re-entrant tachycardia, to determine whether shorter cycle lengths predict imminent atrioventricular block. Design-Retrospective analysis of consecutive patients undergoing slow pathway modification. Intracardiac recordings were analysed after digital storage to determine the development of junctional tachycardia, its duration and maximum, minimum, and mean cycle length, occurrence of heart block, persistent slow pathway conduction, or later confirmed recurrence of AV node re-entrant tachycardia. Setting-Regional cardiac centre. Patients-136 consecutive patients undergoing electrophysiological study found to have typical "slow-fast" AV node re-entrant tachycardia and subject to 137 slow pathway modification procedures. Results-During successful temperature feedback controlled radiofrequency energy application, junctional tachycardia developed in 133 of 137 procedures. During ablation, 10 patients had evidence of AV block (first degree in seven patients and third degree in three), and 17 others had retrograde junctional atrial (JA) block. In these 27 patients, the junctional tachycardia was rapid, with a minimum (SD) cycle length 291 (47) ms. Conduction recovered quickly in all but two patients, one of whom required permanent pacing. Junctional tachycardia with normal AV and JA conduction in the other 111 patients was of a significantly slower minimum cycle length (537 (123) ms; p < 0.0001). Conclusions-Fast junctional tachycardia with cycle lengths under 350 ms seen during slow pathway modification is a predictor of conduction block, suggesting proximity to the compact node. Radiofrequency energy application should be terminated immediately to prevent development of AV block. An "auto cut oV" facility for cycle lengths shorter than 350 ms could be built into radiofrequency ablation systems to increase safety. (Heart 2001;85:44-47) 
An anatomical approach to slow pathway modification for atrioventricular node re-entry tachycardia is an established method of treatment with a high success rate.
1-4 Atrioventricular (AV) block requiring permanent pacing may occur in as many as 2.0% of cases.
1 4 5 During the application of radiofrequency energy, junctional tachycardia is often seen and is thought to be a marker of thermal injury and successful slow pathway ablation. [6] [7] [8] It has been suggested that fast junctional ectopy with a short cycle length and associated ventriculoatrial block may herald imminent AV block. 6 7 9 In this study we sought to evaluate the frequency and characteristics of junctional tachycardia observed during slow pathway modification with a view to providing guidelines for reducing patient risk from AV block.
Methods
Between January 1996 and February 2000, 136 consecutive patients with typical "slowfast" AV node re-entrant tachycardia underwent slow pathway modification at a regional cardiac centre. All antiarrhythmic agents were discontinued at least five half lives before electrophysiological study. Patients were sedated with midazolam and diamorphine. Three 6 French quadripolar electrodes were inserted through the right femoral vein and positioned in the high right atrium, the apex of the right ventricle, and across the tricuspid valve to record the His potential. A 7 French luminal decapolar electrode was positioned in the coronary sinus through the right internal jugular vein.
A baseline electrophysiological study, using isoprenaline if necessary, was performed to confirm the diagnosis of typical AV node re-entrant tachycardia. Baseline measurements of atrium to His bundle (AH) and His bundle to ventricle (HV) intervals were obtained. Slow pathway modification was then performed using an anatomically guided approach with biplane digital fluoroscopy. A mid-septal position between the His and coronary sinus electrodes was used to target ablation, together with an atrial to ventricular ratio of approximately 1:5 on the bipolar electrogram recorded from the distal electrode of the rove catheter, not dependent upon the recording of a slow pathway potential.
Radiofrequency energy was delivered using an EPT Blazer 7 French, 4 mm tip, thermistor equipped, steerable ablation catheter and an EPT RX 2000 temperature feedback controlled generator (EPT, Sunnyvale, California, USA). A target temperature of 55°C and maximum energy of 55 W was selected in all cases, and radiofrequency energy delivered for a preset maximum of 60 seconds. A stable catheter position during radiofrequency energy application was confirmed by fluoroscopy. Continuous intracardiac recordings were stored digitally on a Prucka Cardiolab system (Prucka Engineering, Austin, Texas, USA) and analysed retrospectively. For each patient, during the application of radiofrequency energy the development of junctional tachycardia was noted, together with the number of beats of junctional tachycardia, and the maximum, minimum, and mean cycle length. Junctional tachycardia was defined by a cycle length < 600 ms, the absence of normal of AV conduction from a preceding P wave, "low to high" atrial activation (atrial electrograms in the His recording catheter preceding atrial electrograms in the high right atrial catheter), and a change in cycle length or activation pattern from the re-entrant tachycardia. Loss of 1:1 ventriculoatrial (VA) relation or development of first, second, or third degree AV block was recorded, together with the presence of persistent slow pathway conduction at the end of the procedure and any later confirmed recurrence of AV node re-entrant tachycardia. The number of energy applications was recorded.
After radiofrequency application, atrial overdrive and extrastimulus pacing were repeated to refractoriness, both with and without the intravenous infusion of isoprenaline at rates of 1-3 µg/minute, raising the baseline heart rate by at least 30%. If tachycardia could still be induced, further energy was delivered and testing repeated. Patients were monitored by ECG telemetry overnight following the procedure and a further 12 lead ECG obtained before discharge.
STATISTICAL ANALYSIS
The mean junctional tachycardia cycle length during radiofrequency application in patients who developed AV block was compared with the mean junctional tachycardia cycle length in patients without block using an unpaired t test. Values are given as mean (SD).
Results
Data from 136 consecutive patients undergoing 137 slow pathway modification procedures were studied. The study group contained 38 male and 98 female patients with a mean age of 45.3 (16.0) years. One patient underwent two ablation procedures separated by an interval of three months after the confirmed recurrence of AV node re-entrant tachycardia.
A successful initial outcome was obtained in all 137 procedures, with no inducible AV node re-entrant tachycardia with and without isoprenaline infusion at the end of the procedure. Persistent slow pathway conduction with single AV nodal echoes was seen in 10 individuals. Radiofrequency energy application was accompanied by development of junctional tachycardia in 133 of the 137 procedures.
In 10 patients radiofrequency application was followed by AV block. This was transient first degree block in six, transient third degree block in two, persistent first degree block at 24 hours in one individual with continuing evidence of slow pathway conduction, and persistent third degree block in one patient who required permanent pacing. One patient who developed transient first degree AV block showed junctional atrial (JA) block before cessation of radiofrequency energy application. Seventeen other patients had evidence of prolonged JA conduction during junctional tachycardia and then transient 2:1 JA block. The minimum cycle length observed in this group of 27 patients with AV or JA block was 291 (47) ms, with a mean cycle length of the junctional tachycardia of 426 (92) ms. The mean number of beats of continuous junctional tachycardia before termination of radiofrequency energy was 13 (9).
The junctional tachycardia observed in the remaining 106 patients during successful radiofrequency application, accompanied by and followed by normal AV conduction, was of significantly longer cycle length than the junctional tachycardia resulting in JA or AV block. The minimum cycle length was 431 (111) ms and the mean cycle length was 537 (123) ms (p < 0.0001).
There were no significant diVerences in baseline electrocardiographic or electrophysiological characteristics between the patients who developed transient AV block and those who did not. The number of energy applications in the group that developed AV or JA block (2.4 (1.9)) was significantly less than in the patients who did not (3.3 (2.4); p < 0.001). Cases of AV block were no more likely to occur during the second or subsequent energy applications than during the first application.
The junctional tachycardia cycle length observed in 10 patients with persistent slow pathway conduction was 445 (124) ms. None of the patients with persistent slow pathway conduction had a recurrence during a mean follow up of 28 (10) months.
There were two confirmed recurrences of AV node re-entrant tachycardia. One individual who developed fast junctional tachycardia (minimum cycle length < 300 ms, mean cycle length 345 ms) during radiofrequency application, but without evidence of AV block, had a recurrence at six weeks and was successfully ablated at the second attempt. A second patient had a recurrence of clinical tachycardia at 24 hours after developing sustained (37 beats) slow junctional tachycardia (mean cycle length 704 ms) during radiofrequency energy, and having no evidence of inducible tachycardia or slow pathway conduction at the end of the procedure. This patient declined a further ablation procedure.
Discussion
Slow pathway modification using an anatomically guided approach is now established as an eVective method of treating atrioventricular node re-entry tachycardia.
1-4 Previously, fast pathway ablation has been described but slow pathway modification is now the preferred approach because of the lower incidence of AV block.
3 5 10 11
Delivery of radiofrequency energy during AV nodal, fast and slow pathway ablation has been associated with the development of accelerated junctional tachycardia.
6-8 12-14 The precise mechanism of the junctional tachycardia remains unclear but it is likely to be the eVect of enhanced automaticity in AV nodal tissue with thermal injury, and the occurrence of such junctional tachycardia is associated with successful elimination of AV nodal re-entrant tachycardia.
7 14
There is a clear but small risk of AV block with slow pathway modification and it has been suggested that junctional tachycardia with a shorter cycle length may predict impending AV block.
7 9 15 This finding was not confirmed by Jentzer and colleagues in a study of 52 patients undergoing slow pathway modification. 6 It has been suggested that the appearance of VA block during junctional ectopy heralds the onset of AV block. 6 This large single centre study confirms that the development of junctional tachycardia during radiofrequency energy application is associated with a high success rate. It also confirms observations found elsewhere in a smaller group of patients 7 that shorter junctional tachycardia cycle lengths are associated with increasing risk of transient and permanent AV block. It is diYcult to define a precise cut oV junctional rate indicating risk with the small number of adverse events seen in this study, but junctional tachycardia rates of ± 1 SD indicate that a cycle length of less than 350 ms appears to predict reversible and permanent block. The clinical implications of this observation are that a continuous beat to beat digital display of cycle length during radiofrequency energy application may aid rapid recognition of critical tachycardia cycle lengths under 350 ms, enabling prompt termination of radiofrequency energy to prevent the development of AV block. Although loss of 1:1 VA relation during ablation may be more easily recognised, this study illustrates that only one of 10 patients with subsequent AV block had JA block before cessation of energy application. An optional automated cut oV of radiofrequency energy delivery linked to hazardous cycle length shortening might facilitate safe delivery of energy for slow pathway modification in AV node re-entrant tachycardia.
This study also supports the observation that after successful radiofrequency ablation of the slow pathway in patients with AV node re-entrant tachycardia, residual slow pathway conduction does not correlate with clinical tachycardia recurrence. 13 In 10 of 137 procedures, residual slow pathway function was demonstrated but was not associated with clinical recurrence over a mean follow up period of 28 (10) months.
CONCLUSIONS
The observation of junctional tachycardia during radiofrequency ablation of the slow pathway is a useful predictor of successful cure of AV node re-entrant tachycardia, but short tachycardia cycle lengths under 350 ms are associated with an increased risk of transient and permanent AV block which may not always be heralded by AV dissociation during ablation. Rapid termination of energy delivery is required to avoid the need for permanent pacing, and might be made available as an "auto cut oV" system within radiofrequency generator systems. 
